INTRODUCTION
The aim of this research project is to determine if a relationship exists between mental health disorders and cigarette smoking in active duty military members using the 2005 Department of Defense (DoD) Survey of Health Related Behaviors (HRB) Among Active Duty Military Personnel. If a relationship exists, this information could be used in guiding the formulation of policy and the development of programs to assist service members in smoking cessation and ultimately improved health and readiness.
The Armed Forces consistently seek to have as fit of a force as possible to meet the evergrowing demands of serving in the military. This has become even more important since the September 11, 2001 , terrorist attacks and the subsequent increased operations tempo supporting the wars in Iraq and Afghanistan as well as other military actions. These operations involve extended deployments and ever-increasing demands on service members and their families. Consequently, programs and policies created by the DoD to assist members in maximizing their effectiveness must be comprehensive and timely. This research may aid in the pursuit of this goal. Further description of the medical and psychological deleterious effects of cigarette smoking is beyond the scope of this paper (see Ref 3) . Smoking not only impacts the smoker but takes a heavy emotional and physical toll on families and friends and is associated with significant tobacco-related monetary costs and productivity losses. 10) . These attempts are challenging because of the characteristics of nicotine and the smoking habit.
BACKGROUND

General Tobacco Use
Cigarette Addiction Characteristics.
Cigarette smokers who want to quit find it extremely difficult to accomplish due to nicotine's very addictive nature, the associated habits developed while smoking, and its withdrawal symptoms. Research indicates nicotine is as addictive as heroin, cocaine, and alcohol and just as difficult to quit. Nicotine can act as both a stimulant and a depressant, depending on the dosage and timing of delivery, and has a variety of physiological actions (Ref 11) . One of the key actions is to increase dopamine release in the nucleus accumbens, producing feelings of pleasure. The chronic use of nicotine up-regulates the neuronal nicotinic acetylcholine receptors and desensitizes these receptors, resulting in the user becoming dependent and eventually addicted to the nicotine (Ref 12 Survey of Health Related Behaviors, the prevalence of any smoking was 32.2%, with any smoking defined as any cigarette use in the past 30 days, while heavy smoking is defined as one pack or more a day. This is a decline from the 1980 survey (prevalence 51.0%) but an increase from 2002, possibly due to the terrorist attacks of September 11, 2001 , and the subsequent dramatic increase in operations tempo (Ref 14) . The branch of service with the lowest "any smoking" prevalence was the Air Force, with 23.3%. Heavy smoking (smoking a pack per day or more) also declined within the DoD from 1980 to 2005, from 34.2% to 11.0%. As with any smoking, the service with the lowest heavy smoking prevalence was the Air Force, with 7.0%. This general decreasing trend of smoking mirrors the nonmilitary decrease in smoking over the past 25 years. Likewise, the military parallels its civilian counterparts in other areas as well (Ref 14).
Basic Demographics of Cigarette Smokers in the Military.
In general, the basic demographic characteristics (gender, education, paygrade, residence, and marital status) of smokers in the military are similar to nonmilitary smokers. First, males are more likely to smoke than females. Second, smoking rates are lower among those with higher levels of education and higher paygrade. Third, those members stationed outside the contiguous U.S. are more likely to smoke than those stationed in the U.S. Finally, married individuals living with their spouse are less likely to smoke than those who are married but not living with their spouse or who are not married (Ref 14). 
Cost of Cigarette
Cigarette Smokers in the Military and Their Attempts to
Stop. An important aspect of analyzing smoking behavior is the number of attempts to stop. This information can help guide the development of smoking policies, programs, and cessation strategies. Within the DoD, among all personnel, 19.6% tried to stop smoking in the past 12 months, while 12.3% did not try to stop smoking. Among smokers, 14.0% quit smoking within the past year, 52.8% tried to quit smoking but continued, and 33.2% did not try to quit smoking. Overall, 66.8% of military smokers tried to quit in the past year (Ref 14) . Attempts to stop, military smoking prevalence, and basic demographics are all important facets of military smokers. Another key facet is the historic tobacco culture within the military. . And yet, despite all these restrictions, the Department of Defense continues contradictory policies. For instance, discounted cigarettes are still readily available at on-base (on-post) commissaries and exchanges. It is estimated that commissaries total about $458 million in tobacco sales a year (Ref 15) . In addition to the tobacco culture, there are many contributors to the continued use of cigarettes despite the known consequences. One of these contributors is the mental health status of the smoker.
Tobacco
Mental Health Status and Cigarette Smoking
Mental Disorders in the United
States. Mental disorders are a common ailment in the U.S. It is estimated that approximately one in four adult (18 years old and older) Americans are afflicted with a diagnosable mental disorder, in other words, 57.7 million people when using 2000 U.S. Census numbers. Of those, 45% meet the diagnostic criteria for two or more mental disorders; the severity of these conditions is strongly associated with comorbidity. Almost 30 million (20.9) Americans suffer from major depressive disorder, or 9.5% of adults. Forty million adults suffer from anxiety disorders, or 18.1% of people in this age group. In this same population, 7.7 million adults (3.5%) suffer from post-traumatic stress disorder. Also, mental disorders are the leading cause of disability in the U.S. for individuals 18-44 years old (Ref 22). Anxiety disorders, as well as smoking behavior variables and alcohol abuse or dependence, are predictive of nicotine dependence. In this same study, the researchers showed nicotine-dependent smoking is distinct from nondependent smoking and their respective populations are characteristically different (Ref 27). Breslau, Novak, and Kessler concluded in 2004 that active preexisting psychogenic disorders predicted initial onset of smoking as well as transition to nicotine dependence (Ref 28). These conditions included major depression, anxiety disorders, and substance use disorders. Those who had four or more disorders were more at risk of daily smoking and nicotine dependence. Interestingly, nicotine has been used to treat mental disorders such as Parkinson's disease, Alzheimer's disease, attention deficit/hyperactivity disorder, Tourette's syndrome, and depression. Research is currently being conducted on selective neuronal acetylcholine receptors (Ref 12).
Mental Disorders in the
Database and Survey Description
The The eligible population for the survey consisted of all active duty military personnel with the following exceptions: members absent without official leave, members conducting a permanent change of station at the time of data collection, recruits, and service academy cadets. The final survey sample size was 16,146 members, with a response rate of 51.8%. The survey consisted of a self-administered questionnaire that was either completed in a group session at a military installation or mailed in upon completion for those not attending the sessions. The sample is representative of both male and female personnel of all paygrades. The data were weighted to represent all active duty members. Researchers performed weighted adjustments to account for nonrespondent bias based on branch of service, age, and race to maintain the representativeness of the sample. The sampling weights serve as inflation factors, making the respondents more representative of the total military population (Ref 14, Appendix B, p. 267).
METHODS
Study Design
This research project is an analysis of a cross-sectional prevalence study. It includes descriptive statistics, univariate analysis, and multivariate logistic regression analysis of the association between any cigarette smoking during the past 30 days and four main predictors: need for further depression evaluation, reception of mental health treatment in the past 12 months, perceived need for mental health counseling in the past 12 months, and prescription of medications for depression or anxiety.
Study Population and Sample Size
The study population consisted of 16 
Mental Health Primary Predictors
The four main predictors include two recoded variables and two survey questions. The composite indicator for the first predictor, "may have a need for further depression evaluation," is the recoded variable "depflag." The indicator for the second predictor, "received mental health counseling in the past 12 months," is the recoded variable "mhcouncil." These recodes were accomplished by the conductors of the HRB survey, the Research Triangle Institute.
The third predictor is from Question 103 in the HRB survey: "At any time in the past 12 months, did you feel you needed counseling or therapy from a mental health professional (either military or civilian) (Y/N)?" The fourth and final predictor is from Question 106: "Have you been prescribed medication for depression, anxiety, or sleeping problems by a doctor or other health care professional in the past 6 months (Y/N)?"
Outcome Variable: Any Smoking
The outcome variable is any smoking, which is defined as any cigarette use in the past 30 days. This variable (esmoke30) was recoded using two questions from the HRB survey, Questions 52 and 53. As above, this recode was accomplished by the conductors of the HRB survey, the Research Triangle Institute. 
Statistics
Various statistical analyses were completed. Descriptive statistics of the four main predictors and the covariates were calculated using both unweighted and weighted samples. Univariate analysis was conducted between the outcome variable "any smoking" and the four mental health predictor variables. Percentages of any smoking among the mental health predictors were calculated also. Covariates were included in the multivariate analysis if they met two criteria. First, covariates must be associated with "any smoking" in unadjusted regression analysis (p≤0.25). Second, covariates could not be highly correlated with each other. There were two variables that were highly correlated with each other: education and paygrade. Due to the military nature of the population as well as the possible application of the results to Department of Defense organizations, paygrade was chosen for the multivariate analysis. The analysis was conducted using STATA© version 10.0 (STATA Corp., College Station, TX) as the statistical software program. Results were reported as odds ratios (ORs) with respective 95% confidence intervals (CIs). 
Protection of Human Subjects
Data Management and Protection
Electronic data obtained from the 2005 DoD Survey of Health Related Behaviors Among
Active Duty Military Personnel were maintained on a password-protected computer database. Any data or analysis that was stored on a USB external mini-drive was also password-protected and maintained in a locked drawer when not in use. There are no personal identifiers associated with these data. The DoD survey data are a public use file available to the general public. Tables 1 and 2 . Almost a third (31.7%) of the respondents smoked at least one cigarette in the past 30 days. Regarding mental health predictors, percentages varied. Twenty-two percent of respondents may have needed further depression evaluation. Approximately 17% received mental health counseling, while almost 18% felt they needed mental health counseling. Four and a half percent of respondents required medication for mental health symptoms. Most respondents were between the ages of 21 and 34 years old. White non-Hispanics consisted of 66% of this population. Forty-four percent had some college education, and most respondents were either not married (44.6%) or married with their spouse present at home (49.2%). Of the respective services, the Army has the highest percentage of smokers at 31.9%, with the Marine Corps having the lowest at 12.9%. Most of the respondents were enlisted (82.2%), and most had deployed at least once in the past 3 years (56.0%). A majority were "a little impulsive" (56.2%), 18.1% were heavy drinkers, and 22.9% did not exercise.
RESULTS
Sample characteristics can be found in
Univariate analysis can be found in Tables 3 and 4 . All mental health predictors were associated with any cigarette smoking in the past 30 days, with a p-value of less than 0.001. Those respondents needing further depression evaluation were 82% more likely to have smoked a cigarette in the past 30 days (p<0.001). If respondents received mental health counseling in the past 12 months, they had a 67% increased likelihood of "any smoking." There was a 61% increased likelihood of smoking a cigarette in the past 30 days with those respondents who felt they needed mental health counseling. Lastly, those respondents who took medication for mental health symptoms were 60% more likely to have smoked a cigarette in the past 30 days.
Women were less likely to have had a cigarette in the past 30 days than men (OR=0.65, p<0.001). As the respondents aged, the likelihood of smoking decreased. However, the p-value for the 21-25 year olds was 0.730. Compared to white non-Hispanics, black non-Hispanics and Hispanics were less likely to smoke (OR=0.44, p<0.001; OR=0.70, p<0.001). The "Other" category in ethnicity was insignificant, with a p-value of 0.495. There is less likelihood of a respondent smoking if the respondent was married with the spouse present (OR=0.59, p<0.001). The "married with spouse not present" category was insignificant.
Respondents in the Army were more likely to have smoked in the past 30 days than respondents in the other services. Officers in all the services were less likely to be "any smokers" than enlisted personnel in all the services (OR=0.16, p<0.001). Respondents who had deployed at least once in the past 3 years were more likely to have smoked a cigarette in the past 30 days. Concerning behavioral characteristics, there was a progressive increase in the likelihood of smoking a cigarette in the past 30 days as impulsivity increased (a little impulsivity OR=1.87; some impulsivity OR=3.67; a lot of impulsivity OR=7.40; p<0.001). Heavy drinkers were over four times more likely to be an "any smoker," with an OR of 4.04 and p<0.001. Respondents who did not perform moderate or vigorous exercise for at least 20 minutes at least three times a week had an increased likelihood of being an "any smoker" (OR=1.09, p=0.228). Multivariate adjustment revealed continued association between the four mental health predictors and any smoking (Table 3 ). This adjustment included the covariates gender, age, ethnicity, marital status, service, paygrade, deployment in past 3 years, impulsivity, heavy drinking, and exercise. Those respondents needing further depression evaluation were 24% more likely to have smoked a cigarette in the past 30 days (p=0.003). There was a 42% increased likelihood of smoking a cigarette in the past 30 days with those respondents who received mental health counseling (p<0.001). If respondents felt they needed mental health counseling in the past 12 months, they had a 28% increased likelihood of any smoking (p<0.001). Lastly, those respondents who took medication for mental health symptoms were 49% more likely to have smoked a cigarette in the past 30 days (p=0.003).
A multivariate adjusted model for the mental health predictor "needed further depression evaluation" is included in Table 4 . The significant covariates (p<0.05) are age, ethnicity, service, paygrade, deployment in the past 3 years, impulsivity, and heavy drinking. The adjusted associations of these covariates with any smoking trend in the same direction as the unadjusted associations. For example, non-Hispanic blacks were less likely to smoke a cigarette in the past 30 days than non-Hispanic whites, while officers were less likely to smoke a cigarette in the past 30 days than enlisted personnel. Also, those members who deployed were more likely to have smoked than those who did not deploy. 
DISCUSSION
Main Results
There is an association between mental health predictors and any smoking after controlling for a wide range of covariates. Active duty military members who may have a need for further depression evaluation, who have received mental health counseling, who felt they needed mental health counseling, and/or who have been prescribed mental health medication are more likely to have smoked at least one cigarette in the past 30 days. This conclusion is consistent with previous literature.
Covariates of Interest
Two covariates of interest include deployment in the past 3 years and exercise. The increased likelihood of smoking in those active duty members who have deployed is consistent given the increased stresses involved in deploying. In contrast, one would surmise that there would be a significant association between not exercising and smoking. However, this was not the case (p=0.178). One possible explanation is the nature of military service requires a minimum level of physical fitness even among those in traditional "desk jobs."
Correlation to Previous Research
This study supports previous research on associations between mental health and cigarette smoking. 
Seven Pillars of Epidemiological Reasoning
The tenants of epidemiological reasoning include coherence, biologic plausibility, strength of association, consistency, specificity, dose response, and temporal relationship (Ref 31) . First, the results of this study are coherent with previous studies. This coherency holds true when mental health is used to predict cigarette use in nonmilitary populations and different subgroups of populations (e.g., psychiatric inpatients) as outlined in the introduction. Second, the associations are biologically plausible given the known central acting effects of nicotine on the pleasure centers of the brain. As stated in the background, research has been conducted on selective neuronal acetylcholine receptors by Mihailescu and Drucker-Colin ( Ref 12) . Third, the strength of association between these mental health predictors and cigarette smoking is not well established in this study as seen in the respective odds ratios. The most convincing predictor in the adjusted model is "depression or anxiety prescription," with an odds ratio of 1.49. However, it is important to note the 95% confidence interval is relatively wide, 1.15 to 2.92. (Ref 28) show an association between mental health predictors and cigarette smoking. Fifth, this study does not indicate a high degree of specificity, since mental health diagnoses have several other sequelae in addition to increased cigarette smoking. These sequelae include other medical diagnoses as well as other mental diagnoses. Sixth, dose response is not established in this study due to the method of quantifying the outcome variable. The outcome was either yes or no to smoking at least one cigarette in the past 30 days. Seventh, temporal relationship cannot be established because this research analyzes data from a cross-sectional prevalence study.
In summary, this study meets three of the seven pillars of epidemiological reasoning: coherence, biologic plausibility, and consistency. Strength of association could be included when considering the predictor "depression or anxiety prescription." Despite this shortfall, the results of this research can be used to improve the health of the public.
Active Duty Public Health Significance
As stated in the background, mental disorders appear to be the most important source of medical and occupational morbidity in active duty military members according to Hoge et al. in their 2002 study (Ref 24) . This medical morbidity secondary to mental health disorders likely includes an increased cigarette smoking prevalence. Therefore, the Department of Defense could decrease this morbidity by increasing support for effectively diagnosing and treating mental health patients as well as initiating smoking cessation programs and policy. This benefits not only the DoD but also the active duty members, their families, and society at large in two significant ways. First, decreased smoking and mental health diagnosis prevalence decrease the loss of productivity. Second, the cost of caring for illnesses secondary to these activities/diagnoses would be diminished.
Study Strengths and Limitations
This study has four main strengths. First, sample size is very large, which strengthens the stated associations. Second, the questions and responses have been validated in past DoD HRB surveys. Third, the results are consistent both internally and externally. In other words, the associations have the same trends, and the results are similar to previous studies. Lastly, the findings are applicable and can assist appropriate management functions in establishing funding priorities as well as focusing preventative public health actions.
There are three main weaknesses. First, the data are self-reported. Despite the validated questions, there still exists an element of error in the data itself. Second, causation cannot be determined since the DoD HRB survey is a cross-sectional prevalence study. Third, the study did not differentiate between the varying levels of cigarette use. Therefore, a dose response could not be established.
Future Research
There are three main areas where future research using the DoD HRB survey can be focused: (1) conducting a power analysis of the data, (2) investigating the association between mental health predictors and different amounts of cigarettes smoked to include heavy smokers (defined as smoking more than one pack per day), (3) determining if there is an association between different levels of alcohol consumption (i.e., binge drinking and occasional drinking) and cigarette smoking. Future research in general of this topic can include the development of a cohort study to determine any level of causation between mental disorders and cigarette usage.
CONCLUSIONS
This study shows there is an association between predictors of mental health and the outcome variable any smoking in active duty members of the U.S. Armed Forces. This is consistent with previous literature. These findings, as well as subsequent research, could be applied in the development of smoking prevention and cessation programs. Future research should include a more in-depth analysis of the DoD HRB survey data to determine if a dose response impacts the association of the variables.
